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REAL PARTY IN INTEREST 

The real party in interest is Advanced Micro Devices, Inc. 

RELATED APPEALS AND INTERFERENCES 

There are no related Appeals or Interferences. 

STATUS OF CLAIMS 

Claims 8, 9, 14-17, and 19-22 are pending, and claims 1-7 10-13, and 18 were 
canceled in previous amendments. Claims 8, 9, 14-17, and 19-22 have been finally 
rejected in a Final Rejection dated February 24, 2004. This Appeal is directed to the 
rejection of claims 8, 9, 14-17, and 19-22 which appear in an Appendix to this Appeal 
Brief. 

STATUS OF AMENDMENTS 
No claim amendments have been submitted in response to the Final Rejection of 
February 24, 2004. 

SUMMARY OF INVENTION 

A. Brief Description 

The present invention relates to a NAND-type memory cell fabricated using 
controlled formation of a tunnel oxide layer to reduce oxide breakdown and/or current 
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leakage in the tunnel oxide layer. As disclosed in the present application, tunnel oxide 
layer 50 of memory cell 40 is formed over a substrate active region, which includes P- 
well 44 and respective source and drain regions 46 and 48, in a two step process. Page 5, 
lines 4-10 and Figure 2B of the present application. As disclosed in the present 
application, in a first step, first portion 52 of tunnel oxide layer 50 is formed over the 
substrate active region such that first portion 52 has thickness T, which is equal to a 
thickness necessary for ensuring that the injection field is such that the risk of cell failure 
in overlap regions 58 is reduced. Page 5, lines 10-13 and Figure 2B of the present 
application. By way of example, thickness T of first portion 52 may be between about 15 
nm and about 30 nm. Page 5, lines 14-15 of the present application. As shown in Figure 
2B, overlap regions 58 include portions of tunnel oxide layer 50 that overlap a portion of 
source region 46 and a portion of drain region 48. As further shown in Figure 2B, tunnel 
oxide layer 50 is situated over substantially less than the entire lengths of source region 
46 and drain region 48. 

As disclosed in the present application, in a second step in the formation of tunnel 
oxide layer 50, recessed portion 54 is formed into a section of tunnel oxide layer 50 that is 
directly over channel region 56, which is the predominant area of electron flow during the 
programming and erasing of the cell. Page 5, lines 21-24 and Figure 2B of the present 
application. As disclosed in the present application, recessed portion 54 has thickness T' 
over channel region 56, which is less than thickness T of first portion 52 of tunnel oxide 
layer 50 in overlap regions 58. Page 5, lines 32-33, page 6, lines 1-2, and Figure 2B of 
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the present application. By way of example, thickness T' of recessed portion 54 of tunnel 
oxide layer 50 over channel region 56 can be between about 4 nm and about 12 nm. Page 
6, lines 1-2 of the present application. 

Thus, by forming tunnel oxide layer 50 such that first portion 52 has thickness T in 
overlap regions 58 and recessed portion 54 has thickness T directly over channel region 
56, where thickness T is greater than thickness T', the present invention advantageously 
achieves a memory cell having an injection field in overlap regions, such as overlap 
regions 58, that is significantly lower than the injection field in the channel region, such 
as channel region 56. By reducing the injection field in the overlap regions, the present 
invention also advantageously reduces the potential for oxide breakdown and/or current 
leakage in the overlap regions. Page 3, lines 31-32 of the present application. Also, by 
making the portion of the tunnel oxide layer overlying the channel region thinner than the 
portion of the tunnel oxide layer in the overlap regions, the present invention 
advantageously ensures that a suitable injection field is attained for programming and 
erasing functions. Page 4, lines 1-3 of the present application. 
B. Claim 8 and its dependent claims 

The memory cell of independent claim 8 includes, among other things, a gate 
insulating layer (e.g. tunnel oxide layer 50) situated over an entire length of a third region 
(e.g. channel region 56), which is situated between first and second regions (e.g. source 
and drain regions 46 and 48) and which has an opposite conduction type than the first and 
second regions, and over substantially less than an entire length of each of the first and 
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second regions, where the gate insulating layer has a first thickness (e.g. thickness T) over 
the first and second regions and a second thickness (e.g. thickness T) over the third 
region, and where the first thickness is substantially uniform and the second thickness is 
substantially uniform, and a control gate (e.g. poly II layer 66) situated over the gate 
insulating layer. 

Dependent claims 14 through 17 specify various embodiments of the memory cell 
of independent claim 8. Claim 14 specifies a first thickness of between about 20 and 30 
nm and a second thickness of between about 8 and 11 nm, claim 15 specifies an injection 
field in an overlap region (e.g. overlap region 58) situated between the gate insulating 
layer and the first and second regions of between approximately 4 Mv/cm and 
approximately 6 Mv/cm, claim 16 specifies an injection field in an overlap region situated 
between the gate insulating layer and the third region of between approximately 8 Mv/cm 
and approximately 11 Mv/cm, and claim 17 specifies a gate insulating layer comprising 
Si0 2 . 

C. Claim 9 and its dependent claims 

The memory cell of independent claim 9 includes, among other things, a gate 
insulating layer (e.g. tunnel oxide layer 50) situated over an entire length of a third region 
(e.g. channel region 56), which is situated between first and second regions (e.g. source 
and drain regions 46 and 48) and which has an opposite conduction type than the first and 
second regions, and over substantially less than an entire length of each of the first and 
second regions, where the gate insulating layer has a first thickness (e.g. thickness T) over 
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the first and second regions and a second thickness (e.g. thickness T) over the third 
region, and where the first thickness is substantially uniform and the second thickness is 
substantially uniform, and an ONO stack (e.g. ONO stack 64) situated over the gate 
insulating layer. 

Dependent claims 19-22 specify various embodiments of the memory cell of 
independent claim 9. Claim 19 specifies a first thickness of between about 20 and 30 nm 
and a second thickness of between about 8 and 11 nm, claim 20 specifies an injection 
field in an overlap region (e.g. overlap region 58) situated between the gate insulating 
layer and the first and second regions of between approximately 4 Mv/cm and 
approximately 6 Mv/cm, claim 21 specifies an injection field in an overlap region situated 
between the gate insulating layer and the third region of between approximately 8 Mv/cm 
and approximately 1 1 Mv/cm, and claim 22 specifies a gate insulating layer comprising 
Si0 2 . 



ISSUES 

(1) Whether the Examiner's rejection that claims 8, 9, 17, and 22 on Appeal are 
unpatentable under 35 U.S.C. §102 as being anticipated by U.S. Patent No. 
6,429,072 to Masaru Tsukiji ("Tsukiji") is erroneous. 

(2) Whether the Examiner's rejection that claims 14-16 and 19-21 on Appeal are 
unpatentable under 35 U.S.C. §103 over Tsukiji and further in view of U.S. Patent 
No. 6,432,762 Bl to Liberia et al. ("Liberia") is erroneous. 
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GROUPING OF CLAIMS 

Claims 8, 9, 14-17, and 19-22 stand or fall together, for the reasons set forth in the 
Argument. 

ARGUMENT 
(1) The Rejection of Claims 8, 9, 17, and 22 

Claims 8, 9, 17, and 22 stand rejected under 35 U.S.C. §102 as being anticipated 
by Tsukiji. For the reasons discussed below, Appellant respectfully submits that the 
present invention, as defined by independent claims 8 and 9, is patentably distinguishable 
over Tsukiji. 

In contrast to the present invention as defined by independent claims 8 and 9, 
Tsukiji does not teach, disclose, or suggest a gate insulating layer situated over an entire 
length of a third region, which is situated between first and second regions and which has 
an opposite conduction type than the first and second regions, and over substantially less 
than an entire length of each of the first and second regions, where the gate insulating 
layer has a first thickness over the first and second regions and a second thickness over 
the third region, and where the first thickness is substantially uniform and the second 
thickness is substantially uniform. Tsukiji specifically discloses gate oxide film 102 
situated on the top surface of the channel region of semiconductor substrate 101 and 
inter-layer insulators 122 situated on side walls and top surfaces of source side and drain 
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side interconnections 104a and 105a, which overly respective source and drain regions 
104 and 105. See, for example, column 8, lines 25-26, column 9, lines 12-19, and Figure 
5E of Tsukiji. In Tsukiji, inter-layer insulators 122 are thicker than gate oxide film 102. 
See, for example, Tsukiji, column 8, lines 1-2. 

In Tsukiji, the top surface of the channel region of semiconductor substrate 101 is 
defined between source and drain regions 104 and 105. See, for example, Tsukiji, 
column 7, lines 54-57. Thus, in Tsukiji, gate oxide film 102 is situated on the top surface 
of the channel region of semiconductor substrate 10 and situated between source and 
drain regions 104 and 105. Consequently, in Tsukiji, gate oxide film 102 is not situated 
over a portion of source and drain regions 104 and 105. Thus, Tsukiji fails to teach, 
disclose, or suggest a gate insulating layer situated over an entire length of a third region, 
which is situated between first and second regions and which has an opposite conduction 
type than the first and second regions, and over substantially less than an entire length of 
each of the first and second regions, as specified in independent claims 8 and 9. 

On page 2 of the Final Rejection dated February 24, 2004, the Examiner states that 
"the 'gate insulating layer' (102) in Tsukiji is situated over the entire length of the 
channel, and substantially less than the entire length of the source and drain regions." 
The Examiner further states that "the thicker parts of the gate insulating layer, which are 
in contact with the substrate surface, do not extend substantially over the source and drain 
regions." Page 2 of the Final Rejection dated February 24, 2004. However, the Examiner 
is equating the portion of inter-layer insulators 122 that is situated on semiconductor 
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substrate 101, i.e. the portion of inter-layer insulators 122 that is situated on the side walls 
of source side and drain side interconnections 104a and 105a, with gate oxide film 102, 
which is situated on the top surface of the channel region of semiconductor substrate 10. 
Appellant respectfully submits that inter-layer insulators 122 and gate oxide film 102 are 
different layers. 

Assuming, arguendo, that inter-layer insulators 122 and gate oxide film 102 are a 
single "gate insulating layer." The "gate insulating layer" would extend over a substantial 
portion of source and drain regions 104 and 105, since inter-layer insulators 122 are 
situated on the top surfaces of source side and drain side interconnections 104a and 105a, 
which overly respective source and drain regions 104 and 105. However, the Examiner 
conveniently calls gate oxide film 102 and portions of inter-layer insulators 122 situated 
on semiconductor substrate 101a "gate insulating layer" while excluding the portions of 
inter-layer insulators 122 that are situated over a substantial portion of source and drain 
regions 104 and 105. 

Thus, in Tsukiji, if inter-layer insulators 122 and gate oxide film 102 are 
considered as separate layers, gate oxide film 102 is not situated over a portion of source 
and drain regions 104 and 105, since gate oxide film 102 is situated between source and 
drain regions 104 and 105. Alternatively, if inter-layer insulators 122 and gate oxide film 
102 are considered a single "gate insulating layer," then the "gate insulating layer" is 
situated over a substantial portion of source and drain regions 104 and 105, since inter- 
layer insulators 122 are situated over a substantial portion of source and drain regions 104 
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and 105. Thus, Tsukiji fails to teach, disclose, or suggest a gate insulating layer situated 
over an entire length of a third region, which is situated between first and second regions 
and which has an opposite conduction type than the first and second regions, and over 
substantially less than an entire length of each of the first and second regions, where the 
gate insulating layer has a first thickness over the first and second regions and a second 
thickness over the third region, as specified in independent claims 8 and 9. 

For the foregoing reasons, Appellant respectfully submits that the present 
invention, as disclosed by independent claims 8 and 9, is not suggested, disclosed, or 
taught by Tsukiji. As such, the present invention, as defined by independent claims 8 and 
9, is patentably distinguishable over Tsukiji. Thus, claim 17 depending from independent 
claim 8 and claim 22 depending form independent claim 9 are, a fortiori, also patentably 
distinguishable over Tsukiji for at least the reasons presented above and also for 
additional limitations contained in each dependent claim. 

(2) The Rejection of Claims 14-16 and 19-21 

Claims 14-16 and 19-21 stand rejected under 35 U.S.C. §103 as being 
unpatentable over Tsukiji and further in view of Liberia. As discussed above, the present 
invention, as defined by independent claims 8 and 9, is patentably distinguishable over 
Tsukiji. Thus, claims 14-16 depending from independent claim 8 and claims 19-21 
depending from independent claim 9 are, a fortiori, also patentably distinguishable over 
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Tsukiji for at least the reasons presented above and also for additional limitations 
contained in each dependent claim. 

CONCLUSION 

Based on the foregoing reasons, the present invention, as defined by independent 
claims 8 and 9 and claims depending therefrom, is patentably distinguishable over the art 
cited by the Examiner. Thus, claims 8, 9, 14-17, and 19-22 pending in the present 
application are patentably distinguishable over the art cited by the Examiner. As such, 
and for all the foregoing reasons, an early allowance of claims 8, 9, 14-17, and 19-22 
pending in the present application is respectfully requested. 

This Appeal Brief is submitted herewith in triplicate along with an Appendix of 
the appealed claims and the requisite fee for filing the Appeal Brief. 
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Respectfully Submitted, 
FARJAMI & FARJAMI LLP 



Date: 
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Michael Farjami, Esq. 
Reg. No. 38,135 
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APPENDIX OF CLAIMS ON APPEAL 
Claim 8: A memory cell comprising: 

a semiconductor substrate having a first region and a second region of one 
conduction type and a third region therebetween of an opposite conduction type; 

a gate insulating layer situated over an entire length of said third region and 
substantially less than an entire length of each of said first region and said second region, 
the gate insulating layer having a first thickness situated over said first region and said 
second region, and a second thickness situated over said third region, said first thickness 
being greater than said second thickness, wherein said first thickness is substantially 
uniform and said second thickness is substantially uniform; and 

a control gate situated over said gate insulating layer. 

Claim 9: A memory cell comprising: 

a semiconductor substrate having a first region and a second region of one 
conduction type and a third region therebetween of an opposite conduction type; and 

a gate insulating layer situated over an entire length of said third region and 
substantially less than an entire length of each of said first region and said second region, 
the gate insulating layer having a first thickness situated over said first region and said 
second region, and a second thickness situated over said third region, said first thickness 
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being greater than said second thickness, wherein said first thickness is substantially 
uniform and said second thickness is substantially uniform; and 
an ONO stack situated over said gate insulating layer. 

Claim 14: A memory cell as in claim 8, wherein said first thickness is between 
about 20 and 30 nm and wherein said second thickness is between about 8 and 1 1 nm. 

Claim 15: A memory cell as in claim 8, wherein an injection field in an overlap 
region situated between said gate insulating layer and said first and second regions ranges 
between approximately 4 Mv/cm and approximately 6 Mv/cm. 

Claim 16: A memory cell as in claim 8, wherein an injection field in an overlap 
region situated between said gate insulating layer and said third region ranges between 
approximately 8 Mv/cm and approximately 1 1 Mv/cm. 

Claim 17: A memory cell as in claim 8, wherein said gate insulating layer 
comprises Si0 2 . 

Claim 19: A memory cell as in claim 9, wherein said first thickness is between 
about 20 and 30 nm and wherein said second thickness is between about 8 and 1 1 nm. 
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Claim 20: A memory cell as in claim 9, wherein an injection field in an overlap 
region situated between said gate insulating layer and said first and second regions ranges 
between approximately 4 Mv/cm and approximately 6 Mv/cm. 

Claim 21: A memory cell as in claim 9, wherein an injection field in an overlap 
region situated between said gate insulating layer and said third region ranges between 
approximately 8 Mv/cm and approximately 1 1 Mv/cm. 

Claim 22: A memory cell as in claim 9, wherein said gate insulating layer 
comprises Si0 2 . 



Page 15 of 15 



DA01001 



